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DESCRIPTION 



WAVEFOR M GENERATION METHOD, WAV EFORM GENERATION PROGRAM, 



WAVEFORM GENERATION CIRCUIT AND RADAR APPARATUS 



TECHNICAL FIELD 

The present invention relates to a waveform generation 
method, a wavef orm. generation program, and- a waveform generat-ionT 
circuit for generating a waveform in programmable manner, and 
a radar apparatus having the waveform generation circuit as a 
modulation circuit. 

BACKGROUND ART 

A conventional circuit for reproducing an analog waveform 
by converting a digital signal into an analog signal, including 
a D/A (Digital to Analog) converter for decoding and step-pulsing, 
and a post-filter (identical to a low pass filter), has been 
well known. This circuit involved a quantization error from a 
desired target waveform in a range from -1/2LSB to +1/2LSB (e.g., 
refer to Iwao Sagara, M Introduction to AD/DA Conversion Circuit , 
P. 68 to P. 75, P. 80 and P. 81). 

Fig. 11 is a block diagram showing one example of the 
conventional waveform generation circuit. In Fig. 11, 1 denotes 
an address generator for generating the address value of a memory, 
and 2 denotes a waveform memory for storing waveform data. 3 



denotes a D/A (Digital to Analog) converter for converting a 
digital value into an analog value in accordance with an output 
value of the waveform memory 2, and 4 denotes a low pass filter 
for removing high frequency components of output of the D/A 
converter 3 to make the waveform smoother. 5 denotes a timing 
controller for supplying necessary control signals such as a 
clock signal and an enable signal to the address generator 1 
and the D/A. converter.-^:... -This waveform generation circuit may- 
be employed as a speech synthesis unit by adding an amplifier 
for amplifying power and a speaker. 

In Fig. 11, the waveform memory 2 preliminarily stores 
waveform data desired to generate waveform, the waveform data 
being arranged in time series. The timing controller 5 generates 
a control signal such as a trigger signal to output a memory 
address value to the address generator 1 at regular time 
intervals. The timing controller 5 generates a control signal 
such as a chip select signal required for memory output to the 
waveform memory 2, and outputs a trigger signal or a select signal 
required for D/A conversion to the D/A converter 3. 

The address generator 1 outputs the address value in the 
order from the initial address of waveform data stored in the 
waveform memory 2 in synchronism with a trigger signal received 
from the timing controller 5 at regular time intervals. The 
waveform memory 2 outputs waveform data according to the address 
value output from the address generator 1. The . D/A converter 



3 outputs a voltage proportional to a value output from the 
waveform memory 2, if the value is set. The low pass filter (LPF) 

4 removes a sampling noise produced in accordance with an output 
period of the D/A converter 3. 

5 Fig. 12 shows the basic concept of a waveform generation 

method for use with the conventional waveform generation circuit . 
In Fig. 12, 101 is a target waveform to be generated, and 104 

.77 . . denotes.- a D/A--: .output waveform. ... The conventional - waveform : 
generation circuit determined the output by performing a . 

10 so-called quantization involving selecting a value of the D/A 
converter closest to a waveform value of analog quantity at a 
regular interval sampling time Ts, if the target waveform 101 
was given. The D/A output waveform 104 represents the output 
voltage values in time series, which are supplied from the D/A 

15 converter 3 at regular intervals: 

Fig. 13 is an enlarged view of Fig. 12. In Fig. 13, an 
output point 102 of the D/A converter 3 is selected at a value 
close to the target waveform, but a quantization error 8 as large 
as 1/2 LSB at maximum occurs at the regular interval sampling 

20 time Ts, as compared with a transit point 103 of the target 
waveform at the same point of time. That is, the quantization 
error 5 falls in a range from -1/2 LSB to +1/2 LSB. 

Fig. 14 is a block diagram showing one example of the 
configuration of an FM-CW radar apparatus. Herein, 801 denotes 

25 a modulation circuit, 802 denotes an oscillator, 803 denotes 
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a directional coupler, 804 denotes a transmission antenna, 805 
denotes a reception antenna, 806 denotes a mixer, 807 denotes 
an amplifier, 808 denotes an A/D (Analog to Digital) converter, 
809 denotes frequency analysis means, 810 denotes target 
5 detecting means, and 811 denotes distance/speed calculating 
means (e.g., refer to S. A. Hovanessian, "Radar System Design 
& Analysis' 7 , Artech House, INC., p. 78 to p. 81). 

In Fig . .. .147 - first. -of all, the modulation circuit - 8.01:. .- ■„ - 

generates a frequency modulation (hereinafter referred to. as 

10 FM (Frequency Modulation) ) signal, which is sent to the 
oscillator 802. The oscillator 802 generates a high frequency 
signal modulated with the FM signal and the high frequency signal 
being distributed by the directional coupler 803 is sent to the 
transmission antenna 804 and the mixer 806. The transmission 

15 antenna 804 radiates a transmitting wave of the high frequency 
signal toward a target object in front of the radar apparatus. 
Herein, when the target object exists, a receiving wave 
(reflected wave) with a time lag is received by the reception 
antenna 805, and sent to the mixer 806. The mixer 806 generates 

20 a signal of frequency difference (hereinafter referred to as 
a beat signal) between this reflected wave and the transmitting 
wave distributed by the directional coupler 803 . This beat signal 
is sent to the amplifier 807. The amplifier 807 amplifies the 
beat signal, and then sent to the A/D converter 808. 

25 The A/D converter 808 converts the beat signal from analog 
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to digital signal form, the beat signal in digital form is then 
sent to the frequency analysis means 809. The frequency analysis 
means 809 inputs the digitized beat signals and provides a 
frequency distribution (frequency spectrum) through the 

. 5 processing of FFT (Fast Frequency Transform) etc. The target 
detecting means 810 compares the frequency distribution with 
a threshold, and detects the target value as the largest one 
— ■ of -the . values., .be.yond the . : threshold-. The distance/speed 
calculating means 811 calculates the relative distance and 

10 relative speed of the target object based on a frequency picked 
up by the target detecting means 810. 

Fig. 15 and Figs . 16(a) and 1 6 (b) are views for explaining 
how to calculate the relative distance and relative speed of 
the target object. Fig. 15 shows variations in the frequency, 

15 and Figs. 16(a) and 16(b) show a frequency spectrum of the beat 
signal simply. In Fig. 15, 812 denotes a transmitting frequency 
of the FM-CW radar apparatus, and 813 denotes a receiving 
frequency. 

First of all, the transmitting frequency 812 is linearly 
20 increased in an UP chirp interval Tmu, and linearly decreased 
in a DOWN chirp interval Tmd to transmit electric wave. Herein, 
it is supposed that a measuring object exists at the relative 
speed v and the relative distance R to the FM-CW radar apparatus. 
At this time, if the transmitting frequency is changed by Af 
25 at the light speed C [m/s] and the transmitting wavelength X[m] 
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in the time intervals Tmu and Tmd, the Doppler frequency fd is 
represented by a function (1) . Herein, the distance frequency 
f r caused by a time difference between the transmitting frequency 
and the receiving frequency, which is proportional to the 
5 distance, is represented by a function (2) . Also, the beat 
frequency fbl in the Up chirp interval Tmu and the beat frequency 
fb2 in the DOWN chirp interval Tmd are represented by functions 
(3) and- ( 4). ,_- -respectively-.-. _ .. : :: 

fd = 2-vA (l) 
10 fr = (2R-Af ) / (C-Tm) (2) 

fbl = | fd-fr | (3) 

fb2 = I fd+fr I (4) 

Also, when the distance frequency fr is greater than the 
Doppler frequency fd, a function (5) holds. 
15 2fr = fbl+fb2 (5) 

By the way, substituting the function (2) for the function 
(5), a function (6) for calculating the relative distance from 
the FM-CW radar apparatus to the target object is derived. 
R = (C-Tm) • (fbl+fb2) / (4-Af ) (6) 
20 From the function (6), the distance to the target object 

is calculated from the beat frequency fbl in the UP chirp interval 
Tmu and the beat frequency fb2 in the DOWN chirp interval Tmd. 
Also, if the distance frequency fr is calculated, the relative 
speed V is obtained from the functions (1), (3) and (4). 
25 The conventional radar apparatus for measuring the 
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distance with the FM modulation supplies a voltage of staircase 
shape to a voltage controlled oscillator to improve the distance 
measurement precision. At this time, the frequency measuring 
means measures an output frequency from the voltage controlled 
5 oscillator. The frequency measuring means measures the output 
frequency from the voltage controlled oscillator, corresponding 
to each voltage of staircase shape, and calculates an applied 
. voltage for making the sweep speed invariable- from- thi~s measured -'.- - - — 
frequency. Control means operated the distance measurement by 
10 supplying this applied voltage to the voltage controlled 
oscillator at a predetermined interval. (e.g., refer to 
JP-A-2002-156447) . 



DISCLOSURE OF INVENTION 

15 The conventional waveform generation circuit produced a 

quantization error of 1/2LSB at maximum from the target waveform 
if the output control for the D/A converter is made at an equal 
time interval. Also, when a micro signal is dealt with, a 
periodical ripple noise occurred due to the quantization error 

20 of the D/A converter. 

Figs. 17(a) and 17(b) show how the ripple noise occurs 
due to the quantization error. Fig. 17 (a) shows the relationship 
between the target waveform and the D/A output waveform, and 
Fig. 17(b) shows the relationship between the D/A output waveform 

25 and the output waveform of the low pass filter . For the simplified 
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explanation, the target waveform is linear. 901 denotes a target 
waveform, 902 denotes a D/A output waveform output from the D/A 
converter 3 by quantizing the target waveform 901, and 903 
denotes the output of the low pass filter 4 disposed at the latter 
5 stage of the D/A converter 3 and provided to remove the sampling 
noise . 

As seen from Fig. 17(a), when the minimum step width of 

•..t.; the quantization, output .is-rough. relative to the target, wavef orm. 
901, the error between the output voltage of the D/A converter 

10 3 and the target waveform is periodically greater. As a result, 
the output waveform is undulated as indicated by the output 903 
of the low pass filter 4 in Fig. 17(b), so that a ripple noise 
of the low frequency that is the sampling frequency divided by 
an integer (1/4, 1/5, etc.) appears superposed on the ideal 

15 target waveform. 

Conventionally, it was required to increase the number 
of bits or the sampling frequency in the D/A converter to reduce 
this ripple noise, so that the cost was increased. 

Also, the FM-CW radar apparatus for measuring the distance 

20 by applying the frequency modulation was required to make the 
high precision modulation control, but if the modulation signal 
has the superposed ripple noise, the beat signal as a difference 
between the transmitting wave and the receiving wave was 
distorted, causing the frequency spectrum to split or the other 

25 peak to arise at a position off the center of the frequency 
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spectrum. 

Figs. 18(a), 18(b) and 18(c) are graphs showing the 
frequency spectrum of the beat signal for the FM-CW radar 
apparatus. 904 denotes a frequency spectrum of the beat signal 
5 in the UP chirp or the DOWN chirp. When the transmitting frequency 
is linearly changed, the beat signal is stable and has one 
frequency, and the peak value appears sharply as indicated by 

..... . the f-r equency .spectrum.9.0.4. in Fig .. 1 8.( a ) , and then -the.peripheral. 

portion is at the side lobe level following a window function. 

10 However, if the transmitting frequency is not correctly 

linear but has the superposed ripple noise, another peak appears 
at a position off the peak frequency by an amount of frequency 
according to the period of ripple noise. 

Fig. 18 (b) shows an instance where the frequency of ripple 

15 noise is near the resolution of spectrum, and the maximal point 
arises halfway on the spectrum of the beat signal. Fig. 18(c) 
shows an instance where the ripple frequency is higher and 
sufficiently away from the spectrum of the beat signal. In Figs. 
18(b) and 18(c), there is an obstacle to calculate the distance 

20 to the target object . 

Conventionally, the D/A converter for use in the 
modulation circuit for the FM-CW radar apparatus was required 
to increase the number of bits or the sampling number to make 
the high precision control. Therefore, the cost was increased. 

25 This invention has been achieved to solve the 
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above-mentioned problems, and it is an object of the invention 
to provide a waveform generating method of high precision in 
which the ripple noise is suppressed. 

Also, it is another object of the invention to provide 
5 a waveform generation circuit of small size and low cost and 
a radar apparatus having the waveform generation circuit in a 
modulation circuit . 

Accordingrta.one aspect of .the- invention, -there, is -provided:-. : ~- 

a waveform generation method including, for a desired target 

10 waveform output from a D/A converter, determining preliminarily 
an output value and an output timing of the D/A converter so 
that a voltage variation amount of the target waveform may be 
almost constant, and sequentially generating the output value 
from the D/A converter, based on the determined output value 

.15 and output timing of the D/A converter. 

According to another aspect of the invention, there is 
provided a waveform generation circuit including a time memory 
for storing an output time interval of the waveform output values 
preset discretely based on a desired target waveform, a timing 

20 controller for setting up the timing at which the D/A conversion 
of the waveform output value is performed, based on the output 
time interval stored in the time memory, and a D/A converter 
for performing the D/A conversion of the waveform output value 
according to the timing set up in the timing controller. 

25 
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BRIEF DESCRIPTION OF DRAWINGS 

Figs. 1(a), 1(b), 1(c), 1(d) and 1(e) are graphs for 
explaining a waveform generation method according to an 
embodiment 1 of this invention. 
5 Fig. 2 is a graph for explaining reduction of an error 

between target waveform and output waveform from the D/A 
converter according to the embodiment 1 of the invention. 

.Figs... .3 (a.).:, .3. :(•!>.)•:.- and. 3 (c) .are graphs f or explaining -the 
relationship between the gradient of target waveform and the 
10 output time interval according to the embodiment 1 of the 
invention . 

Fig. 4. is a block diagram showing the configuration of 
a waveform generation circuit according to an embodiment 2 of 
the invention. 

15 Fig. 5 is a block diagram showing the configuration of 

a waveform generation circuit according to an embodiment 3 of 

the invention. 

Fig. 6 is a flowchart showing a data creation processing 

procedure according to the embodiment 3 of the invention.. 
20 Figs. 7(a) and 7 (b) are tables showing the memory contents 

according to the embodiment 3 of the invention. 

Fig. 8 is a diagram for explaining a way of setting up 

the output time interval from the target waveform according to 

the embodiment 3 of the invention. 
25 Fig. 9 is a flowchart showing a waveform output processing 
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procedure according to the embodiment 3 of the invention. 

Figs. 10(a) and 10(b) are graphs showing the modulated 
waveform of a radar apparatus according to an embodiment 4 of 
the invention. 

5 Fig. 11 is a block diagram showing the configuration of 

the conventional waveform generation circuit. 

Fig. 12 is a graph showing a waveform generation method 

for the. conventional-waveform generation circuit; v.- . r. 

Fig. 13 is a diagram for explaining an error between the 
10 target waveform and the D/A converter output in the conventional 
waveform generation circuit. 

Fig. 14 is a block diagram showing an FM-CW radar 
apparatus . 

Fig. 15 is a graph showing a transmitting waveform and 
15 a receiving waveform for the FM^CW radar apparatus. 

Figs. 16(a) and 16(b) are graphs showing the frequency 
spectrum of a beat signal. 

Figs. 17(a) and 17(b) are graphs for explaining a problem 
associated with the conventional waveform generation circuit. 
20 Figs. 18(a), 18(b) and 18(c) are graphs for explaining 

a problem associated with the conventional FM-CW radar 
apparatus . 

BEST MODE FOR CARRYING OUT THE INVENTION 
25 The present invention will be described below in detail 
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with reference to the accompanying drawings. 
Embodiment 1 

Figs. 1(a), 1(b), 1(c), 1(d) and 1(e) are a set of graphs 
showing a waveform generation method according to an embodiment 
5 1 of this invention. In Figs. 1(a), 1(b), 1(c), 1(d) and 1(e), 
101 denotes a target waveform, 102 denotes a threshold voltage, 
103 denotes an intersection point of the threshold voltage 102 
and . the., target i waveform.. -101, and 104 --denotes a- D/A * out-put- .. 
waveform. 

10 Referring to Figs. 1(a), 1(b), 1(c), 1(d) and 1(e), the 

operation of the embodiment 1 will be now described. 

The target waveform 101 in Fig. 1 (a) is an ideal waveform 
without error that is essentially desired to output, or a 
sufficiently finely approximated waveform. Suppose that the 

15 target " waveform 101 is preliminarily given by another 
measurement means or calculation, not shown. 

If the quantization interval (voltage direction) and the 
output time interval (time direction) are rough, the D/A 
converter cannot directly output the same waveform as the target 

20 waveform 101. Therefore, it is required to determine a 
combination of output values from the D/A converter to acquire 
an output waveform close to the target waveform 101. In the 
embodiment 1, an error between the output waveform and the target 
waveform 101 is reduced by making the output time interval of 

25 the D/A converter 3 variable. 
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A method for determining the output value of the D/A 
converter 3 and the output time interval will be described below. 

Fig. 1 (b) shows how to divide the target waveform 101 based 
on plural threshold values 102 represented with the D/A converter 
5 3 in use. The threshold voltages 102 are set up from the minimum 
value to the maximum value of the D/A converter 3 at a voltage 
step of the minimum resolution for the D/A converter 3. This 

.- _ . . minimum resolution^i-.s. decided by the number of bits, for -the -D/A- 
converter 3. First of all, the output values of the D/A converter 

10 3 are obtained from a plurality of intersection points 103 at 
which the threshold voltage 102 and the target waveform 101 are 
coincident, as shown in Fig. 1 (c) . The output values of the D/A 
converter 3 are vl, v2, . . vn in the order in which the 
intersection point 103 take place earlier over time. 

15 Then, the output time interval is decided. The output time 

is acquired by reading the value in the time axis direction from 
the intersection point 103, and deciding the time tl, t2, . . tn 
corresponding to vl, v2, . .vn, as shown in Fig. 1 (d) . The output 
time interval is defined such that the time difference is Tl 

20 from reference time to tl, T2 from tl to t2, . . (omitted) and 
Tn from tn-1 to tn . Suppose that Tl to Tn are rounded off to 
the integral multiple of a clock period for a microcomputer. 

Fig. 1 (e) is a graph for explaining how the D/A converter 
3 makes the waveform output by the waveform generation method 

25 according to the embodiment 1. That is, the D/A output waveform 
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104 of the D/A converter 3 is changed in succession based on 
the decided output values vl, v2, . . vn and output time interval 
Tl, T2, . .Tn. The value of the D/A converter 3 is kept constant 
until the D/A output waveform is changed. The D/A output waveform 
5 104 of the D/A converter 3 is like a staircase, containing an 
error from the target waveform 101. However, a low pass filter 
for delaying the response purposely is disposed on the output 
. side of - the .D/A : .converter_ 3, as. a.: result, blunting, a - staircase - 

edge in the output of the D/A converter 3 (interpolating between 

10 the staircase like output values) , so that the final output from 
the low pass filter is closer to the target waveform 101. 

In the first embodiment 1, the output time interval is 
set longer when the waveform is changed slowly, or shorter when 
the waveform is changed sharply, so that an error from the target 

15 waveform can be reduced to the least. 

Fig. 2 is an enlarged view of Figs. 1 (a) , 1 (b) , 1 (c) , 1 (d) 
and 1(e) showing how an error between the target waveform and 
the output of the D/A converter is reduced. In Fig. 2, 201 denotes 
an output point (at which a specific output voltage is obtained 

20 at a specific output time) of the D/A converter 3 in the 
conventional waveform generation circuit, 202 denotes a transit 
point of the target waveform at the same point of time as the 
output point 201, and 2 03 denotes an output point of the D/A 
converter 3 decided by the method of the embodiment 1. A 

25 quantization error 8 between the output point 201 of the D/A 
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converter 3 in the conventional waveform generation circuit and 
the transit point 202 of the target waveform is greater. However, 
in this embodiment 1, the position of output point is finely 
adjusted in the time direction at an integral multiple of the 
5 . clock unit (clock interval) K of the microcomputer . At this time, 
the output time interval Tn is adjusted to the optimal interval 
to minimize a difference between the output point 203 of the 
D/A converter.- 3 ..and .the -output voltage at the., transit. point..of- 
the target waveform. As a result, a quantization error between 

10 the output point 203 of the D/A converter 3 and the output voltage 
at the transit point of the target waveform is reduced. In Fig. 
2, the output point 203 of the D/A converter 3 roughly overlaps 
the transit point of the target waveform, so that the 
quantization error is extremely smaller. 

15 Figs. 3(a), 3(b) and 3(c) shows the instances of the linear 

target waveform in the embodiment 1. The slope of target waveform 
is gentlest in Fig. 3(a), and gradually greater in Fig. 3(b) 
and Fig. 3(c) . With the method of the embodiment 1, even if the 
slope is changed from Fig. 3(a) to Fig. 3(c), the output time 

20 is appropriately adjusted at an integral multiple of the clock 
unit to regulate the output time interval, as a result, roughly 
eliminating the error between the target waveform and the output 
waveform of the D/A converter. Especially when the target 
waveform is linear, the greatest effect is obtained. 

25 According to this embodiment, the quantization error of 



16 



the D/A converter is smaller by changing the output time interval 
between the output points of the D/A converter than where the 
output interval is equal over time, so that the ripple noise 
of low frequency likely to occur with the micro signal is 
5 suppressed . 

Embodiment 2 

Fig. 4 is a block diagram showing the configuration of 
a waveform, generation- -circuit, according to an embodiment . 2 of 
this invention. In Fig. 4, 1 denotes an address generator for 

10 generating the address value of a waveform memory, 2 denotes 
a waveform memory for storing waveform data, 3 denotes a D/A 
converter for converting a digital value into an analog value 
in accordance with an output value of the waveform memory 2, 
4 denotes a low pass filter (LPF) for removing high' frequency 

15 components of output of the D/A converter 3 to make the waveform 
smooth, 5 denotes a timing controller for supplying necessary 
control signals such as a clock signal and an enable signal to 
the address generator 1 and the D/A converter 3, 6 denotes a 
timer for triggering the timing controller 5, 7 denotes a time 

20 memory for storing the time interval data, and 8 denotes a second 
address generator for generating the address value of the time 
memory 7 . 

Referring to Fig. 4, the operation of the embodiment 2 
will be described below. 
25 In Fig. 4, the output voltage values vl to vn set discretely 
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as shown in the embodiment 1 are preliminarily stored in time 
series in the waveform memory 2. Also, the time memory 7 
preliminarily stores the timer values corresponding to the 
output time intervals Tl to Tn as shown in the embodiment 1, 
5 for example, the count number of a reference clock. The timing 
controller 5 generates a control signal such as a trigger signal 
to output a memory address value to the address generator 1 and 
the second address -generator.. 8. and outputs a-trigger signal -or-..: : 
select signal required for the D/A conversion to the D/A 

10 converter 3. 

First of all, the timing controller 5 applies a trigger 
signal to the second address generator 8. Then, the second 
address generator 8 outputs the address value in the order from 
the initial address of the timer value stored in the time memory 

15 7. From the time memory 7, the timer value is read according 
to the address value received from the second address generator 
8, and set to the timer 6. The timer 6 supplies the trigger signal 
to the timing controller 5 at an interval according to the output 
time intervals Tl to Tn indicated by the set timer value. The 

20 timing controller 5 sends the trigger signal to the address 
generator 1, the waveform memory 2 and the D/A converter 3 in 
synchronism with the trigger signal received from the timer 6. 

The address generator 1 outputs the address value in the 
order from the initial address of waveform data stored in the 

25 waveform memory 2 in synchronism with the trigger signal. The 
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waveform memory 2 outputs waveform data in synchronism with the 
trigger signal, and sets it to the D/A converter 3. The D/A 
converter 3 outputs a. voltage in proportion to the set value 
from the waveform memory 2 in synchronism with the trigger signal . 
5 The low pass filter 4 removes a sampling noise produced in 
accordance with an output period of the D/A converter 3. The 
waveform generation method as shown in the embodiment 1 is 
_ implemented ..by- sending-.: .the-, .trigger, signal—from- .the. -taming- 
controller 5 to the second address generator 8 again, and 
10 repeating the series of operations. 

With this embodiment, the output time interval is 
arbitrarily set in a clock unit, an error between the target 
waveform and the output waveform is suppressed below the 
quantization error of 1/2LSB produced with the conventional 
15 method for using the D/A converter, whereby it is unnecessary 
to take a great number of bits in the D/A converter. That is, 
the output waveform is generated at high precision, employing 
the inexpensive D/A converter with a smaller number of bits. 
Embodiment 3 

20 Fig. 5 is a block diagram showing the configuration of 

a waveform generation circuit according to an embodiment 3 of 
the invention. In Fig. 5, 3 and 4 are the same as in the embodiment 
2. 9 denotes a microcomputer haying an I/O for interface with 
the D/A converter 3, and a timer circuit for correctly setting 

25 up an interrupt generation time according to the timer value. 
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In an internal memory of the microcomputer 9, the output voltage 
value of the D/A converter 3 and the timer value corresponding 
to the output time interval are stored. 

Herein, a group of waveform generation features comprises 
the address generator 1, the waveform memory 2, the timing 
controller 5, the timer 6, the time memory 7, and the second 
address generator 8 in the embodiment 2 are internally stored 
as. a sof tw are. -pro ees sing-in the . microcomputer -9,- -as- a-result-,- 
allowing the same operation as the embodiment 2 to be performed.. 

The software processing is divided into two parts, 
including a data creation processing for storing data in the 
time memory 7 and the waveform memory 2, and a waveform output 
processing. Fig. 6 shows the data creation processing. 

Also, Fig. 7(a) shows the contents of the time memory 7 
and Fig. 7(b) shows the contents of the waveform memory 2. Fig. 
8 shows an explanatory view for obtaining the output time 
interval from the target waveform. Fig. 9 shows the waveform 
output processing . 

Referring to Fig. 6, the data creation processing will 
be firstly described. 

At step S101, the target waveform is approximated by a 
plurality of n-th order functions (n: integer) by dividing the 
waveform at smaller time intervals to make the approximation 
precision sufficiently high, because it is generally difficult 
to represent the target waveform with one function. 401 in Fig. 
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8 is an approximate target waveform approximated by a plurality 
of linear functions, for example. 

v=fl (t)=al-t+bl for t001<t<t002 

v=f2 (t)=a2-t+b2 for t002<t<t003 

v=f3 (t)=a3-t+b3 for t003<t<t004 

At step S102, an inverse function of the function generated 
at step. SI 0.1; is .calculated. to acquire the time, t for the .voltage 
value that the D/A converter 3 can take. 

t=(v-bl)/al for v001<v<v002 

t=(v-b2)/a2 for v002<v<v003 

t=(v-b3)/a3 for v003<v<v004 

vOOl, v002, . . are values obtained by substituting tOOl, 
t002, .. for the plurality of linear functions. 

At step S103, the times tl to tN for the set voltages vl 
to vN of the D/A converter 3 are obtained. The range of the set 
voltages vl to vN depends on the range of the target waveform, 
and the interval of voltage depends on the minimum quantized 
voltage AV of the D/A converter 3. For example, the set voltage 
is represented by the following function for n=l to N. 

vn = vO+AV-n (vO is the initial value of output 

voltage of target waveform) 

Substituting this function for the inverse function 

calculated at step S102, the times tl to tN are obtained. For 
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which inverse function it is substituted depends on an area 
determination of vl, v2, . . 

At step S104, the times tl to tN are converted into time 
differences Tl to TN for conversion into the output interval 
of the D/A converter 3. 

Tl = tl 

T2 = t2-tl 

. T3. =:.t.3-:t2-.r •.. . ■ . 

Then, at step S105, the time differences Tl to TN are stored 
in the time memory 7. At step S106, the set voltages vl to vN 
are stored. Zero is set at the top address of the time memory 
as the initial value, and the initial value vO of output voltage 
of target waveform is. stored at the top address of the waveform 
memory 2 . 

Referring to Fig. 9, the waveform output processing that 
is another software processing will be described. 

First of all, at step S201, the initial value of zero is 
substituted for the loop variable n. 

Then, at step S202, the n-th time data Tn is read from 
the time memory 7 and set to the timer internally built for the 
microcomputer 9. 

Then, at step S203, the timer is initiated. 

Then, at step S204, if a notification of the time elapsed 
is received from the timer, the n-th waveform data is read from 
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the waveform memory 2, and set to the D/A converter 3. The timer 
at steps S202 and S203 may be implemented by the software 
processing for a dummy loop. 

Then, at step S205, a determination is made whether or 
5 not the waveform output processing is completed. When it is not 
completed, the procedure goes to step S206, where the loop 
variable n is counted up. 
. . The data creation processing may not be performed on. the 

same microcomputer 9, but data may be preliminarily created on 
10 an external computer and written into the time memory 7 and the 
waveform memory 2 of the microcomputer 9. Also, when the waveform 
data is increased at a certain interval, a counter may be employed 
instead. 

Though in this embodiment, the microcomputer is employed 
15 to make the software processing for the group of waveform 
generation features, other computers having the typical 
computer functions of logical operation and arithmetical 
operation, such as a personal computer, an office computer, a 
mini computer and a general-purpose computer, may be also 
20 employed. 

With this embodiment, the waveform is generated at high 
precision employing the inexpensive D/A converter with a small 
number of bits, and the specification changes for the software 
processing are easily made. 
2 5 Embodiment 4 
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Figs. 10(a) and 10(b) are graphs showing the modulation 
waveform according to an embodiment 4 of this invention. In Fig. 
10(a), 501 denotes an UP chirp waveform of modulation waveform 
output from a modulation circuit 8 01 in the FM-CW radar apparatus, 
and 502 denotes a DOWN chirp waveform. In Fig. 10 (b) , 503 denotes 
an output waveform of the D/A converter 3. This modulation 
waveform is generated by the waveform generation circuit as 
described -in ..the . embodiment . .2 ..or 3. - Also,- -this waveform: 
generation circuit constitutes the modulation circuit 801 of 
the FM-CW radar apparatus, as shown in Fig. 14. The other 
constitution or basic operation of the FM-CW radar apparatus 
has been already described in connection with Figs. 14 to 16(a) 
and 16(b), and is omitted here. 

For an oscillator of the FM-CW radar apparatus, it is 
required to apply a control voltage in accordance with the 
characteristics for each oscillator, because there is typically 
a non-linear relationship between control voltage (modulation 
waveform) and oscillation frequency, and also due to individual 
differences and temperature characteristics. The UP chirp 
waveform 501 and the DOWN chirp waveform 502 of Figs. 10(a) and 
10(b) involve a control voltage waveform output from the 
modulation circuit 801 and applied to the oscillator. This 
control voltage waveform is generated to change the frequency 
linearly. For these waveforms, the output timings tl to tn (n<N) 
at which the quantization error is smaller are obtained, and 



replaced with the output time intervals Tl to Tn of the D/A 
converter 3. Though the output time intervals Tl to Tn are unequal, 
the method for calculating these intervals has been described 
in the embodiments 1 to 3 . 
5 Also, an output voltage is output from the D/A converter 

3 at the output time intervals Tl to Tn, whereby the oscillator 
is linearly oscillated and the frequency spectrum of target 
. object is stabilized even if. the control voltage is a micro signal 
The waveform output operation of this D/A converter 3 (i.e., 

10 waveform generation circuit constituting the modulation circuit 
801) is the same as that described in the embodiments 1 to 3. 

In this embodiment, the waveform generation circuit as 
described in the embodiment 2 or 3 is applied as the modulation 
circuit for modulating the oscillation frequency for the 

15 oscillator constituting the FM-CW radar apparatus. As a result, 
the FM-CW radar apparatus including the small and inexpensive 
modulation circuit for the oscillator is constituted. 

INDUSTRIAL APPLICABILITY 

2 0 As described above, the waveform generation method, the 

waveform generation program and the waveform generation circuit 
according to the invention allow reduction of an error between 
the target waveform and the output waveform, in contrast to the 
case of outputting the signal at an equal time interval from 

25 the D/A converter to obtain a desired target waveform. 
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Therefore, the FM-CW Radar apparatus including the small and 
inexpensive modulation circuit for the oscillator is 
constituted. 
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